KOs 605

#2 NITAEBORBECRRITLY)

FERIRK 267 264 264
eSS 45 31 35
TTP(A) 8.7 6.9 65
MST(B) 195 15.0 174

TTP . EMEM MST: AFHM b RE

%3 GERCOREBROHRECIIZLY)

- | PoLFOX6 |  FOLFIRI
FEBIH 111 109
2EhER% 54 56
PFS(A) 80 85
MST(A) 206 215

PFS ! EMEAFHAM MST | &M b RE

(195% A) 2B IFL i, IROX BEL A
W EREIB EVWIBERTH-7-GR2). KRETI,
Z D& R oxaliplatin BSKBERO—KFEEE LT
ARBENTW D, FiVrT20044E121F Tournigand
512 & ) FOLFIRV/FOLFOX % 7 0 A % —/3—
K724 111 HRERDMTHhH (GERCOR 2B,
ZFNENOWEERE DRI (56% vs 54%),
AR (85 vs 80 B), BX UL
R (215 vs 2067 B) RS0 EIMRE LN
(£3). T2, UKRFRERBEREREOLEE
1320 v ARBOAFHIR P IES R S AR RIS
F3E L 7. Grothey HI13E 7258 I HREROMES
ZBWT5-FU/LV, CPT-11, oxaliplatin ® 3
TEEOFEA LR EHRPICER S NZEF OF
&L EEFHMPSHEETAZ EZHLMIL TS
D, ZO3FEZHEFHEFIFENSZ L T2
BEBZLIEREIHZELNLELTWASY, FOL-
FOX S A CIIHERB TR S hTn
% FOLFOX4 $EER 2D 5FU+LV @ 2 HRE®
BYELRE% 1 BICEE{LL 72 FOLFOX6 ¥
B 2 FOLFOX7 |EY MMEH SN TWwWA, L
PLEES, EOVIAVIMERTHERNIIDON
TREBERFAREINTBL TS T— 3B %
v, AFTIRZFOBES L ) FOLFOX6

FEh, €512, oxaliplatin o5 E %
85mg/m* 2 & & L 7 modified FOLFOX6
(mFOLFOX6) f#iE (R 1) 0B A HE & h?,
WEICBWTHEILZOL I X V2L TW
%, F7, oxaliplatin O#EFEE DO
FOLFOX ##BTERWEEND L nWZ L
ASEIBA L, oxaliplatin ®dose intensity % & 5
BETAS 7% S iz, 20044 ASCO THEEI -
OPTIMOX1 (FOLFOX4 vs FOLFOX7 X 6+5FU
/LV x12+FOLFOX7 X 6) D& RIITE & HER)
B H58%, 2AEFEIN K20y BCTHETH -
728, MRERIBECEREICRI LY, BE
b oxaliplatin DFFEEEZ EET 5 BTV
OPDRRREEPITON TV 5,

4, BOFERIORKTMEE ZOREDH

BOPUER X RICEIRICB W THEE SN, LA
SNTERBELNS S, & IHBRIRETR
FoREE S RIICH-DVEREINTE 20
SRBERBERIIER I LT 2o 72, 1990
ERIZAY, BEBEREEENRE LT, EiE
FEEZ ONSSFU+LV EEZXREE L,
BROPER 2 RERE L U CAEHBEROE 11T A
EERBPERESIH, UFT/LVEBI T
capecitabine 72 EARES SN2, ZOME,
capecitabine DA TIHLUIIRIES N, TR
HIZBWTKBEO—KIGEE L L CEROPUER
BERAENEZ L2k o7, UFT/LV 2 UFT
DEAHIZO $ R I NEEEATR LM
BHREEEI NS, T A I TREAREN o7,
UL, Bk, BARTIZIESGHORIEN SN L
I ShKBBIIHLTEAREEIRTWS,
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capecitabine (ZFFE 5FU+LV & &L KRR
BEICBWT, BRI E ) PR 5B
BTZOUABRETORRERPRE SN TS, 12
& z21¥, FOLFOX #E® infusional 5FU+LV
DRSS % FBROHIERI T B capecitabine ~EH#:
L 7> XELOX (capecitabine+oxaliplatin) S
35 11 HRBRIC BV CTRRER | 55%, EHEBA
R 770 A, AFEBRMARRE L1950 A L
FOLFOX #i & FEE ORRBE © @O 72,

ORI D E 512, XELOX £bevacizumeb
B LU FOLFOX +bevacizumab D HBERERD
EfE S N7-(TREEL, 2 3Bk RERHE)., £
EWNTH S1 & oxaliplatin & OFFFIEEORE
RENTVWEEZIATHL, INLORER, O
PRI DSEHEREICB &M A 2 LR o
i, FUENE, EEREER EORERBRHKRE
BTORBEAIKIBICERT 52 LA MREE 2D L
DEFITRE V.,

5. DFENAREEOHE

20034 ASCO 2B W T, KEBHEBICBW
T H A FEMBEEOHBKRICHINI LOTHRES
7=, 79, bevacizumab (Avastin) D% 111 4
REFED OWMETH S, FENL, MEANEMR
WEET VEGF (Vascular endotherial growth
factor) 235 Ak MEEZ u— VIR TH B,
IFL #5% itBREE & LT IFL+bevacizumab ff
R R REREE L U CHEM LR & S RIC B
BETDS R BNz, BRI, BHEGS vs 45%),
SR EE R EIR (6.2 vs 1067 A), &4FHH
(15.6 vs 203% B), DWThIZBWTHHAE
PEBIENL L WA LD THo72 (L), FE
HEcIkBm, MRS, JER, SIERE
D SN, BARICBV T LERILMEEE
TH LIPS LN TWAE, AFNE, MEFAEMESE
He LT TAEGHHZERT S L VWHIFEEL
SRL, 20044E 2 B2 7 AU HIZBWTARS
nTw5, HVWTHEEDERERRN—DOTH S
FOLFOX $Ei: L bevacizumab DOFFREEDOHE
MRS RIBRER Z R E LT v 5 A1LE

24 TFL+Bevacizumab vs IFL 8 I AR OBM CUR20 L h)

: .| IFL+Bevacizumab IFL
FEBIEL 402 411
B 4438 34.8
PFS(H) 106 6.2
MST(H) 203 15.6

PFS ! EMEAFHM MST | £FHKRRE

111 #HERER (E3200588) TR & 7z (EAFHAR
HJi{ bevacizumab #& vs H=10.8 vs 12.9» A)
(%5). COEREZY, BREREBMNIBVTE
FOLFOX #¥: + bevacizumab B F# AW E
BT AIERERE TR SN TwAE, &b
KUY A Y OWEREOR A E T L7 s
Bo# % (TREEL, 2 #E) V™ 132006450
ASCO THDOERBHIHIAE SN, oxaliplatin
L30onRELELT7 VLYY IV Y OBRARE
(mFOLFOX6, bFOL =bolusSFU+oxaliplazin,
CapeOX =XELOX)IZ bevacizumab /A5 Z
izl ), EHEAATRRHSEICE LX) 0D,
B OYE L BEERN 24 FHROERD
Bons, 3B TOEFRPIER beva-
cizumab & vs B=18.2 vs 244 # B & bevacizu-
mab OHEETOWIC 2% 72(3E6).

¥ 7=, EGFR (Epidermal growth factor recep-
tor) I AT A -k b¥ X TH I u—VHE
% 5 cetuximab (Erbitux) d F4ED ASCO 2
BWTE£O CPT-11EHMERIERII T 5
ERk % (BOND RER) ™ & S (R 7).
EGFR BT CPT-11EBEHEDREFIH LT
cetuximab ¥l ¥ cetuximab+CPT-115FH# %
BETARBTH Y, THEUL% vs 23%) P
WEHE A5 vs 412 B) CTOEMERIBIES 1
7298, EEFHETIRAER TR0l E0EE
HRITF X FHAATH S 729 infusion reaction
HEDONBZ L, IZEURROEE, I\OEFR, i
i EEINTVA, AFD I -1 v
X, 200448 1 BITT A AT TERR SNz, A,
—Bg# & LT, CRYSTAL #Ex(FOLFIRI +
cetuximab) %%, ZKiEH & LT FOLFOX 3#Ht
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£5 E3200ERORE(CTH30LY)
FOLFOX+BV FOLFOX4 BV
AR 271 271 230
ERE% 218 9.2 30
TTP(BE) 7.2 48 27
MST(A) 12.9 108 10.2
BV : bevacizumab TTP : ENEME MST : AFEHHRE
%6 TREEI] &K TREE2 HBROBH (I3, 324 0)
TREEL - ; TREE2 .
mFOLFOX6 bFOL CapeOx | FOLFOX+BV | DFOL+BV - .| CapeOx+BV.
R 49 50 48 71 70 72
e 43 22 35 52 T34 46
TTP/TTF(B) 8.7/66 6.9/49 59/44 99/58 85/53 103/55
MST (H) 192 179 172 280 20.7 27.0
MST(3#&k: R) 182 244
BV : bevacizumab TTP : {EHEHM MST : EFHHPRE
%7 BONDHEBRORH (XH33LD)
Cetuximab EJfi¢ | CPT-11+Cetuximab BEFEE | P-value
TP 111 218
ZERE% 108 229 0.0074
TTP(H) 15 41 <0.001
MST (B) 69 8.6 0.48

TTP  ERERRE MST : £FHBhRE

B3t % EPIC 3Bk (CPT-11 = cetuximab) 7%,
¥ 72 5FU, CPT-113 X Foxaliplatin XTI
Fed L BAHE RERIZ LT NCIC -CO.
17 5% (Best Supportive care vs cetuximab) A%
BFHTHY, cetuximab OKBBICBIT S
survival benefit BHREE S N B A, FEROBNTA
H-nb, 2612, 524k MIFLEGFR HUET
%% ABX-EGF (panitumumab) &, F 2 FHiE
T& 5 cetuximab (2, infusion reaction %
POFEBROBEESIRVERESIN TN S,
CPT-1138 & U oxaliplatin A & 7 0 BRI 216
FEM e WREREBE % HHRIC panitumumab
B#H L BSC & OREBRETON, EFRER
HRIC BT panitumumab MER Tz, H

£, F#lE FOLFOX % FOLFIRI, bavacizmab
72 8L O REEORE bIThTwa., TO
23, PLVEGF sifke LT PTK/ZK, EGFR
BEFT Y FF—EEREREER & LT gefi-
tinib, erlotinib, lapatinib 72 EWSERIRAERIC B
WCERIEERBRIES oD d 5.

NS YHEFIX 5FU+LY, CPT-11, oxali-
platin 1258, %4 OFH L UTRE ISR
7o TWDA, BEZOEABOEMRZ L7
AV HCBOWTIEKRELRBEL Ro T, G
44 2 » B EOEHE AT bevacizumab FFH T 2
B KV, cetuximab BEEHT3H Fivkwn)HEEY
i3, B4 OEFAOALZSLT, HREFLLTIO
L) BREOBRE T AREEREY LD L)
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22T AL DI Vv ADBBRETH 5.
I, FPIoblt 2 KERCEEEDEEB EHIR

AFRICBWTIE, R LX) ICHERO7 v
LY IV VEHEERTH o 72, 1995521
CPT-11RER S N7z 0 EEALER IR ESL T,
ZD1%19994E A E T ORI 1T HRBR O
BE2H LIS FU+LY BEXRPMIOL VX ¥
ELTERREN, BT CHEESNTE,

21 0 B, BRRICIEA R D EBRTwS
b0, EREIEEEESSIRICEN > TETW
5. 20034E12iX UFT/LV®, S-139% H3ff w8k
7z ofz. UFT/LV 3/ 8 I AHEREBRSAE &,
H R OZUGEREREIC & W ARG E NS, 1H 3
ERRE LV SE0EEMPMETH S, BETO

BWERIEER L2 S1ITABRETL37%DER)
RPW|E SN, PHFEINTWAED, 5FU+LV &
DHBERERBED 2 <, PRRRED 5 \WIT B
ETOLBPUETH L., T08, IFL BHKRT
Banskichoid, HBORED
FOLFOX4 BiEICL B Z e mESh, F7248
EEHIMBBA LT R CAD MR L
T2OBRAEIERBBS Lo0odH S, 20054 2 A,
A & A 5-FU+LV LS, 20054 3 A
IZ oxaliplatin 2KREE &N, FOLFOX VI A ¥
AR CHMEATREE 2 BRICER L, £
72, FOLFIRI &b HEOHIZH 5 b DDME
EWeee 2y, SUHERABPETRTHS,. &
512 capecitabine DHEFHE TOMEPHT L
Twh, bevacizumab, cetuximab, panitu-

mumab 7 EDOHFIEREER] b 4 11 AHRERAT

%8 Chemotherapy for advanced or metastatic disease (OLEM0L 1)

First-line therapy

Second-line therapy

Third-line therapy Fourth-line

FOLFOX +

bevacizumab

or

1 FOLFIRI
> or

lIrinotecan

therapy

| Irinotecan+cetuximab

FOLFIRI +
bevacizumab FOLFOX ————— > Irinotecan=tcetuximab
e Or'
Patient can or Irinotecan +——y FOLFOX
Folera?e —— IFL +bevacizumab
uﬁtenswe N
therapy R
or FOLFOX ———w—— Irinotecan ———-————-—!’Icreltnu(;tfrgjg—*_
5-FU/leucovorin+ > ?:inotecan
bevacizumab

or

CAPOX+bevacizumab N

Capecitabine —————er—p>|
or

Bolus 5-FU-+leucovorin
tbhevacizumab

intensive

therapy Infusional 5-FUzleucovorin

+bevacizumab

or

Protracted 5-FUxleucovorin

or
FOLFIRI

Irinotecan

or
FOLFIRI

. Improvement in
Eﬁge;tt cannot functional status
rate —ploT

No improvement in
functional status

e [rinotecan +cetuximab

e [rinote can +-cetuximab

Consider second-line
therapy

~—>P Best supportive care
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bNTWAEET, AFRITET200748L %25
RAHRTHSH, FENEEEL, @Rkl
L CEEHRMIRIIENR TV 00, FIVEE
DOWBL EVRETH Y, BIEFEE+CPT-11
EHWE5 0% 11 HRABIETHFTH 50, sur-
vival benefit REEI N5, ZOFHEITVF
TEEFE o T2, _
UEXD, RECTITRARKETIE FOLFOX,

FOLFIRI 713 IFL %%, &7 KBB4 58
—BIROWEEE b, BEES PS AEFITIE
5FU/LV R UFT/LV, S-1 7% EE PR fEE2D
)%, ZN5HIE20054 7 BICKIGRIIZES D S
BERINT TRBEEESNA o4 2] 12hE
ENTWAE, —7F, #E/TIE NCI-PDQ™ &2k
ERSA A v b7 —2 (National Comprehensive
Cancer Network : NCCN)*® (& 8) 2 &l2B W T
web L THBERIROT A R4 UYPRESH
TEY, BEEMERIOBERE D L I2EEEY
BIRT 5LV I HIDRI o TWn5, KBV
T, MBROTA FI94 % web 2 E%2FIHL
TRE, #A4 2V —ICEHL, HEEES LU

KfofeERE 609

BRI EOMEIC D L& L EL D,

T & O

KGRI B PUEANAEE, 19904FR%F
PHI0ER LT OBICKE L2BRE KTz, B
BOCEHE R N BRRABOBAERICL Y, &E
B CH AR OFHE & — L% D, TIBRAR
BRI O I I IRRDO 8 » AP D
S 2 ERBR AL o/2(® 1), CPT-11,
oxaliplatin, capecitabine 7 &%, AFRCTHFES
N7BAHTH A2 Db 5T, BRIGHICIOW
TR, BRIZPRDEBRLEZ Lo TWAZ T
BOR, 51, STENERZIICDE L
BPUERD T R RO ASENEONL LS Y
AT DR, BEWE, AIMEEREET 5556
BRI OBRABITGEICE/RTE L2y T —
7 DFENL, S DITIREKRE OBZEE DL THHED
TWI ) ETHEHELEBED QOL REHERHE
B D SEICB W B RIGEEOBIRNETE S
FRIRREIIME 4 DIEEEMEIZRD b T 5,

Overall Survival (Months)

Best Supportive Care(BSC)
Bolus 5-FU/LV

Infusional 5-FU

Capecitabine
Irinotecan+Bolus 5-FU/LV
Irinotecan Infusional 5-FU/LV
Oxaliplatin 9741

Irinotecan Bolus+ Bevacizumab

Irinotecan(FOLFIRI) /Oxaliplatin(FOLFOX)
Infusional Sequencing

Irinotecan Bolus+ Bevacizumab

Followed by Oxaliplatin

Bevacizumab+XELOX
Bevacizumab+FOLFOX

] l 4~6

Meta-Analysis JCO1998|11.3
Meta-Analysis JCO 2000 |12.1

| 12~13
|14.8

Venook Oncologist 2005
Saltz NEJM 2000

Douillard Lance 2000 |17.4
Goldberg ASCO 2002/2003 |18.6
Hurwitz NEJM 2004 | 20.3
Tournigand 4SCO 2002 ~|21.5

Hurwitz NEJM 2004 | 25.1
Hochster ASCO 2006 | 27.0
Hochster ASCO 2006 | 28.0

8 10 12 14 16 18 20 22 24 26 28 30
Months

0 2 4 6

E1 KEEEaEORO &SRO G, 32, 414h)
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Background: Early recurrence is a major problem after hepatic resection of colorectal hepatic
metastasis (CHM). Our aim was to investigate the relationship between time to recurrence after
CHM resection and overall survival.

Methods: A retrospective analysis was performed for 101 consecutive patients who underwent
hepatic resection for CHM and have been followed more than 5 years.

Resulis: Among 101 patients, 82 {(81%) had a recurrence. Overall survival of patients with
recurrence within 6 months after CHM resection was significantly worse than that of patients
with recurrence after more than 6 months (P < 0.01). Overall survival was poorer when time to
recurrence was shorter. One of the reasons for poor prognosis of patients with recurrence within
6 months was that only a few pauents could undergo a second resection for recurrence after
CHM resection. Histological type, including poorly differentiated signet ring cell or mucinous
adenocarcinoma in the primary tumor, bilobar metastases, microscopic positive surgical
margin and carcinoembryonic antigen (CEA) above 15 ng/ml had predictive value for decreased
recurrence-free survival after CHM resection.

Conclusion: Short time to recurrence after CHM resection correlates with a poor prognosis.
Histological type of poorly differentiated signet ring cell or mucinous adenocarcinoma in the
primary tumor might be a predictor for early recurrence after CHM resection.

Key words: colorectal cancer — hepatic metastasis — resection — recurrence

INTRODUCTION

Hepatic resection is currently the only potentially curative
treatment for colorectal hepatic metastasis (CHM) (1-6). How-
ever, frequent recurrence is a major problem after surgery, with
80-85% of patients experiencing a recurrence (2,3,6). Thus,
reduction of recurrence is necessary to improve prognosis after
CHM resection.

A correlation between a short time to recurrence after resec-
tion of the primary tumor and poor prognosis after resection of
recurrence has been demonstrated in colorectal cancer (2,5),
breast cancer (7), hepatocellular carcinoma (8) and renal
cell carcinoma (9). In CHM, however, the correlation between
time to recurrence after resection for CHM and prognosis is
stili obscure. The relation between time to recurrence after
resection and prognosis is complicated in CHM because
many recurrences after CHM resection can be resected, and
resection sometimes contributes to long-term survival (10-12).

For reprints and all correspondence: Shinichiro Takahashi, M.D., Department
of Surgery, National Cancer Center Hospital East, 6-5-1 Kashiwanoha,
Kashiwa, Chiba 277-8577, Japan. E-mail: shtakaha@east.ncc.go.jp

This study was conducted to determine the correlation
between time to recurrence after CHM resection and prognosis
by scrutinizing recurrence after CHM resection, which may
suggest the best timing for adjuvant chemotherapy and eluci-
date whether time to recurrence can be a surrogate endpoint for
adjuvant study in resectable CHM. We also compared clinico-
pathological factors and time to recurrence to find out pre-
operative predictive factors for early recurrence.

PATIENTS AND METHODS
PATIENT POPULATION

A total of 101 patients who had undergone hepatic resection for
CHM at the National Cancer Center Hospital East between
September 1992 and January 2000 and have been followed
precisely for more than 5 years were examined retrospectively.
The patients consisted of 56 (55%) men and 45 (45%) women,
ranging in age from 23 to 78 years (mean, 60 years). None of
the patients had received adjuvant chemotherapy after primary
colorectal resection.

The criteria for hepatectomy were as follows: metastatic
lesions were confined to the liver and all lesions could be-

© 2006 Foundation for Promotion of Cancer Research
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resected using oncologic principles while preserving liver
function. Extended lobectomy plus partial resections were
considered as the upper limit of hepatectomy that could be
performed safely, and trisegmentectomy was applied only
when the volume of the residual liver was deemed to be abund-
ant. Neither the number of metastatic tumors nor tumor size, in
themselves, excluded patients from hepatectomy.

No patient received adjuvant therapy after CHM resection.

SURGICAL PROCEDURE

After laparotomy, a careful search was performed for local
recurrences, extrahepatic metastases and peritoneal dissemina-
tion in the abdominal cavity. Any suspicious lesions were
examined by biopsy. If the regional lymph nodes (hepatoduo-
denal or peripancreatic lymph nodes) were positive, dissection
of the regional lymph nodes was performed. Intraoperative
bimanual liver palpation and ultrasonography were performed
to confirm tumor location and size of the lesions in all patients;
all resections were ultrasound-guided procedures. Hepatic
resection was performed with tumor-free resection margins
using the forceps fracture method under inflow occlusion
(Pringle’s maneuver).

CLINICAL FOLLOW-UP

After hepatic resection, patients were closely followed up with
diagnostic imaging (chest X-ray and abdominal CT every
3 months, measurement of serum carcinoembryonic antigen
(CEA) levels every month and annual colonoscopy to detect
tumor recurrence) up to Syears. After 5 years patients were
followed up every 6 months or annually.

MORPHOLOGIC INVESTIGATIONS

The resected colorectal specimens and hepatic specimens were
fixed in 10% phosphate-buffered formalin and cut at intervals
of 5 mm and 10 mm, respectively, and then embedded in
paraffin. Serial sections of 3 pm thickness were stained
with hematoxylin and eosin for morphologic examination.
Histological diagnosis was performed according to the
World Health Organization intestinal tumor classification (13).

STATISTICAL ANALYSIS

The chi-square test and student r-test were used to compare
data (Dukes’ stage, primary location, positive regional lymph
node, size of tumor, number of tumors, synchronous/meta-
chronous, tumor distribution and ratio of recurrence) between
subgroups based on time to recurrence. Mann-Whitney’s
U-test was used to compare preoperative serum CEA level
between subgroups. Analyses of survival were performed
using the Kaplan-Meier method (14), and differences between
the curves were tested using the log-rank test. The log-rank test
was also used to examine the significance of associations
between survival curves and CEA cutoff values of 10, 185,
20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100 and 200 ng/ml.
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Factors related to survival were analyzed with the Cox pro-
portional hazards regression model (15). A P-value of <0.05
was considered statistically significant.

RESULTS
SURGICAL RESECTIONS

Partial resection was performed on 47 patients, subsegmentec-
tomy on 9, segmentectomy on 25, lobectomy on 11, extended
lobectomy on 6 and trisegmentectomy on 3 according to
Couinaud’s anatomical classification (16). A microscopic pos-
itive surgical margin was observed in 14 patients. There was no
perioperative mortality. Twenty-one complications were
observed: 7 cases of biliary leak; 6 cases of intra-abdominal
abscess; 4 cases of wound infection; and 1 case each of liver
failure, ileus, lung abscess and urinary tract infection.

SURVIVAL AFTER CHM RESECTION

The overall 5-year Kaplan—Meier survival rate after hepatic
resection for CHM was 42%, with a median survival of
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Figure 1. Cumulative survival (A) and recurrence-free survival curves (B) for
101 patients with resected colorectal hepatic metastasis.
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34 months (Fig. 1A). Recurrence-free 1-, 3- and 5-year sur-
vival rates were 43, 23 and 21 %, with a median recurrence-free
survival of 9 months (Fig. 1B). The median follow-up duration
of survivors was 87 months.

RECURRENCES AFTER CHM RESECTION (FIG.2)

Among the 101 patients who underwent CHM resection,
82 (81%) developed recurrences. Locations of recurrences
were as follows: liver in 36 patients, lung in 17, both liver
and lung in 9, lymph node in 6, peritoneum and local recur-
rence in 4 each, brain and adrenal gland in 2 each, and ovary
and bone in 1 each. Thirty-seven recurrences (45%) occurred
within 6 months after hepatic resection and 72 recurrences
(88%) occurred within 2 years. The ratio of hepatic recurrences
to total recurrences was significantly higher in Ist—12th month
than that after 12th month from CHM resection (P = 0.01).
The ratio of pulmonary recurrence and that of recurrence in
organs other than the liver and lung were significantly higher
after 24th month (P < 0.05) and in 13th-24th =~»nth
(P < 0.05) from CHM resection, respectively, than those in
the other period. Of the 82 patients with recurrence after hep-
atic resection 36 received re-resection. Re-resection could be
performed in only 10 of 24 patients (42%) whose recurrence
occurred in the liver or lung within 6 months after hepatic
resection, whereas re-resection could be performed in 22 of
29 patients (76%) whose recurrence occurred in the liver or
lung more than 6 months later (£ = 0.01). Of the remaining

46 patients, 33 received systemic chemotherapy, 7 received
hepatic arterial infusion, 2 received radiation therapy and 4
received best supportive care.

CLINICOPATHOLOGICAL FEATURES ACCORDING TO
TIME TO RECURRENCE

Table | summarizes the primary and metastatic tumor char-
acteristics. Patients were classified into three subgroups
according to time to recurrence after hepatic resection as
follows: no recurrence, recurrence within 6 months and recur-
rence after more than 6 months. There were no significant
differences in primary tumor characteristics between the
three subgroups. All patients in the no recurrence group had
a primary tumor that was classified as a well- or moderately
differentiated carcinoma.

In terms of characteristics of the metastatic tumor, the num-
ber of tumors was significantly less (P < 0.01) and unilobar
distribution was seen significantly more frequently (P < 0.01)
in the no recurrence group compared with the other subgroups.

SURVIVAL ACCORDING TO TIME TO RECURRENCE

Kaplan—Meier curves for overall survival after CHM resection
according to time to recurrence in patients who developed
recurrences are shown in Fig. 3A. Patients were divided
into four subgroups according to time to recurrence after hep-
atic resection as follows: within 6 months, 7th—12th month,
13th—24th month and after 24th month. Overall survival of

Resection n=101

!

Recurrence n=82

Location

Time to n % A

recurrence Liver (resected Lung Liver + Others
case) = Lung
-5 37 45.1 19 (8) 5(2) 6 (0) 7()
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7-12
2 2 2
months 20 244 I 3@ 2D 4(1)
1324 -
2
months 15 18.3 303 3 1(0) 8 (1)
25—
22

months 1o 122 33 6(5) 1(0)

Figure 2. Locations of recurrence according to time to recurrence after resection of colorectal hepatic metastasis. The number of resected cases for the recurrence is

shown in parentheses.
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Table 1. Clinicopathological findings of 101 patients with colorectal hepatic metastases according to time to recurrence

Variable No recurrence (19) Recurrence within Recurrence after more P-value*
6 months (37) than 6 months (45)
Primary colorectal tumor
TNM Classification 0.63
I 1 l 2
Il 4 11 6
m 10 12 21
v 4 ] 16
Location 0.85
Rectum 4 7 17
Colon 15 30 28
Number of positive lymph nodes (mean = SD) 1321 23438 14x1.7 0.29
Histological type of adenocarcinoma
Well- or moderately differentiated 19 33 42
Poorly differentiated signet ring cell or mucinous 0 4 3
Hepatic metastases
Maximum size of tumor (mean + SD, cm) 4.5+ 3.1 36+2.1 43+33 0.26.
Number of tumors (mean = SD) 1.3+06 2516 19+ 14 <0.01
Preoperative CEA level (mean £ SD, ng/ml) 264.0 + 818.0 413 +£53.8 220.7 + 879.7 0.25
Synchronous/metachronous 0.94
Synchronous 7 14 18
Metachronous 12 23 27
Distribution of metastases <0.01
Unilobar 18 20 29
Bilobar 1 17 16

SD, standard deviation; CEA, carcinoembryonic antigen.

*Difference between patients with no recurrence and those with recurrence within 6 months.

patients with recurrence within 6 months after resection was
significantly worse than that of patients with recurrence in
7Tth—12th month (P = 0.04), that of patients with recurrence
in 13th-24th month (P < 0.01) and that of patients with recur-
rence after 24th month (P < 0.01). Overall 5-year survival
rate in patients who developed recurrence within 6 months
after hepatic resection was only 10% with a median survival
of 26 months. Overall survival was poorer when time to
recurrence was shorter.

Figure 3B shows overall survival after recurrence according
to time to recurrence. Overall survival after recurrence of
patients with recurrence within 6 months after resection was
still worse than that of patients with recurrence in 13th—-24th
month (P < 0.04) and that of patients with recurrence after
24th month (P < 0.03). Overall survival after recurrence of
patients with recurrence in 7th—-12th month after resection
seemed to be better than that of patients with recurrence within
6 months, but the difference was not significant (P = 0.14).
Survival after recurrence tended to be poorer when time to
recurrence was shorter. Overall survival after recurrence of
patients with recurrence within 6 months after resection was

significantly worse than that of patients with recurrence in
more than 6 months (P < 0.01).

CORRELATION BETWEEN CLINICOPATHOLOGICAL FACTORS
AND RECURRENCE-FREE SURVIVAL

To find prognostic factors for recurrence-free survival after
CHM resection, correlations between clinicopathological fac-
tors and recurrence-free survival were analyzed (Table 2).
Histological type of tumor, including poorly differentiated
signet ring cell or mucinous adenocarcinoma in the primary
tumor (P <0.01) (Fig. 4), two or more hepatic tumors
(P < 0.01), bilobar distribution (P < 0.01}), microscopic posit-
ive surgical margin (P = 0.03) and CEA level before hepatic
resection above 15 ng/ml (P = 0.04) were significantly asso-
ciated with poor recurrence-free survival.

We examined the independent predictive value of the
aforementioned factors in recurrence-free survival. Data
were analyzed using a Cox regression model (Table 3).
Histological type of poorly differentiated signet ring cell or
mucinous adenocarcinoma in the primary tumor [P < 0.01;
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Recurrence after resection of colorectal hepatic metastasis

—~#—  More than 24 months after surgery

-8—  13-24 months after surgery
—%= 7-12 months after surgery
100
-6—  Within 6 months after surgery
80
o)
= 60
g
I
&
2 40
E
2
3
O 20
O 1 1 H H 1 1 L ) i 1 1 1 1 ]
0 1 2 3 4 5 6 7
Time after surgery {years)
B Recurrence after resection of colorectal hepatic metastasis
—8—  More than 24 months after surgery
13-24 months after surgery
—%-  7-12 months after surgery
30 | - = o _
—6—  Within 6 months after surgery
.c‘\il
£ 607
E B8
2
=40
=
E] € & &
5 k
20
() L. 1 H 1 1 L . 1 ! 1 H IL 1 L 1
0 i 2 3 4 5 6 7
Time after recurrence (years)

Figure 3. (A) Cumulative survival curves after resection of colorectal hepatic

metastasis according to the time to recurrence. (B) Cumulative survival curves after

recurrence after resection of colorectal hepatic metastasis according to the time to recurrence.

relative risk (RR) = 5.16; 95% confidence interval (CD).
2.10-12.69], bilobar metastases (P = 0.04; RR = 2.73; 95% CI,
1.03=7.27), microscopic positive surgical margin (P = 0.03;
RR =225 95% CI, 1.11-4.59) and CEA level above
15 ng/ml (P = 0.02; RR = 1.96; 95% CI, 1.09-3.55) had a pre-
dictive value for decreased recurrence-free survival after CHM
resection. Median disease-free survivals and 1-year recurrence
rates of patients with the aforementioned factors were 4.6,
5.6, 5.0 and 8.4 months and 100, 70, 79 and 65%, respectively.

Histological type of poorly differentiated signet ring cell or
mucinous adenocarcinoma in the primary tumor and CEA
level above 15 ng/ml were also the poor prognostic factors
for overall survival (data not shown).

DISCUSSION

The goal of this study was to assess the correlation between
time to recurrence after CHM resection and prognosis. Results
showed that prognosis of patients with recurrence within
6 months after resection was significantly worse than that
of patients with recurrence after more than 6 months. Our
findings indicate that short time to recurrence after CHM
resection correlates with a poor prognosis.

The main reason for poor prognosis of patients with recur-
rence within 6 months was that only a few patients could
undergo a second resection for recurrence after CHM resec-
tion. Most patients who could not undergo a second resection
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Table 2. Correlation between clinicopathological factors and disease-free
survival after hepatectomy for colorectal hepatic metastases

Variable No. of Median P-value
patients  disease-free
survival (months)
Primary colorectal lesion

Location
Colon 73 9.0 0.67
Rectum 28 9.5

TNM Classification
I 11 25 6.2 0.87
oL Iv 76 9.6

Lymph node metastasis
Absent 35 9.0 0.79
Present 66 9.5

Histological type of adenocarcinoma
Well- or moderately 94 1.3 <0.01
differentiated
Poorly differentiated signet 7 5.1
ring cell or mucinous

Hepatic metastases

Number of tumors
Solitary 58 13.6 <0.01
=2 43 5.9

Maximum size of the tumor (cm)
<5 77 9.0 0.58
=5 24 13.4

Distribution of metastases
Unilobar 67 13.5 <0.01
Bilobar 34 57

Microscopic surgical margin
Negative 87 10.3 0.03
Positive 14 6.4

CEA level before treatment (ng/ml)
<15 47 154 0.04
=15 54 8.4

Synchronous/metachronous
Synchronous 39 9.1 0.84
Metachronous 62 93

Interval between colorectal

resection and hepatectomy
<1 year 65 7.8 0.11

=1 year 36 3.5

CEA, carcinoembryonic antigen.

had extensive disease such as hepatic or pulmonary recurrence
with much tumor burden, recurrence involving multiple
organs, or distant metastases outside liver and lung that
were not suitable for resection. In this series, re-resection

Jpn J Clin Oncol 2006,36(6) 373

rates of recurrence in the remnant liver and lung were relat-
.ively low (42 and 40%, respectively) when recurrences were
observed within 6 months after CHM resection, whereas they
were high (76 and 75%, respectively) when recurrences were
observed more than 6 months after resection.

Tumor doubling time is correlated with prognosis in various
cancers (17-20). In CHM, it has been reported that short tumor
doubling time is a poor prognostic factor for both overall and
disease-free survival (21). Short time to recurrence represents
short tumor doubling time. Those results are in accord with
those of the present study.

Our results suggest that recurrence-free survival can be a
surrogate endpoint for adjuvant trial in resectable CHM. More-
over, recurrence within 6 months should be a major target for
additional chemotherapy because of a great number and the
poor prognosis of these patients. Theoretically, if we can deter-
mine which patients will have a recurrence with short recur-
rence-free survival, we could identify which ones would
possibly benefit from neoadjuvant chemotherapy. Adam
et al. (22) showed efficacy of neoadjuvant chemotherapy
for CHM patients with four or more tumors regardless of ini-
tially resectable or not, as long as objective tumor response or
stabilization was achieved by chemotherapy, and demonstrated
the possibility of neoadjuvant chemotherapy for resectable
CHM. However, neoadjuvant chemotherapy sometimes causes
chemotherapy-associated steatohepatitis which may increase
operative morbidity (23,24); then, neoadjuvant chemotherapy
should be recommended for high-risk patients for recurrence.

In the present study, histological type of poorly differen-
tiated signet ring cell or mucinous adenocarcinoma in the
primary tumor, bilobar metastases, microscopic positive sur-
gical margin and CEA above 15 ng/ml were the independent
prognostic factors for poor recurrence-free survival. Espe-
cially, histological type of poorly differentiated signet ring
cell or mucinous adenocarcinoma in the primary tumor exhi-
bited the strongest power for predicting early recurrence
because all patients with the factor had recurred within
10 months. Then, histological typé of poorly differentiated
signet ring cell or mucinous adenocarcinoma in the primary
tumor, which was not considered in other large studies (2,5),
should be considered as one of the preoperative predictors of
early recurrence after CHM resection. Patients with the factor
are recommended to receive neoadjuvant chemotherapy.
Bilobar metastases and CEA above 15 ng/ml were also
prognostic factors for recurrence; however, long-term recur-
rence-free survival was achieved in some patients with the
factors. Neoadjuvant chemotherapy for patients with either
of the factors is controversial. In addition, considering the
correlation between positive surgical margin and early recur-
rence, hepatic surgeons should pay much attention to keep
negative surgical margin during hepatic dissection in order
to prevent early recurrence.

In a retrospective analysis of consecutive 1001 CHM
patients by Fong et al. (5), poor prognostic factors for
recurrence after CHM resection were positive surgical margin,

extrahepatic disease, node-positive primary, less than
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Figure 4. Recurrence-free survival curves after resection of colorectal heputic metastasis according to the histological type of primary tumor.

Table 3. Multivariate analyses of factors affecting disease-free survival after
hepatectomy for colorectal hepatic metastases

Variable Relative risk P-value
(95% CI)
Primary colorectal lesion
Histological type of adenocarcinoma
Well- or moderately differentiated - <0.01
Poorly differentiated signet 5.16 (2.10-12.69)
ring cell or mucinous
Hepatic metastases
Number of tumors
Solitary - 0.60

=2 1.29 (0.50-3.38)
Distribution of metastases

Unilobar - 0.04

Bilobar 2.73 (1.03-7.27)
Microscopic surgical margin

Negative - 0.03

Positive 2.25 (1.11-4.59)
CEA level before treatment (ng/ml)

<15 - 0.02

]
>
>

=15 1.96 (1.

—

J9-3.

i
w
!

CI, confidence interval; —, reference.

12 months of disease-free interval from the primary resection,

2 or more tumors, tumor size >5 cm and CEA >200 ng/ml. The -

aforementioned prognostic factors for recurrence were also
predictors of poor overall survival, and the fact was consistent
with the concept of our results that short time to recurrence

correlated with poor survival. Fong et al. proposed a scoring
system using five poor prognostic factors and insisted that the
scoring system was useful in choosing adjuvant therapy.

The difference between our results and those of Fong’s
might be partly due to patients’ background and the
number of patients examined. In the present study, patients
with extrahepatic disease were excluded because CHM with
extrahepatic disease was totally different from pure CHM
considering pathways of metastases. Moreover, none of the
patients had received adjuvant chemotherapy after primary
colorectal resection or CHM resection. However, the possib-
ility that not all of Fong’s predictors could be validated well
because of relatively small population of our study cannot be
ruled out.

In the present study, patients were followed and examined
precisely at least for 5 years in order to elucidate complete
profile of recurrence, and then median follow-up of survivors
was 87 months. This study has clarified frequencies of the
recurrences after CHM resection in liver, lung and other
organs respectively according to time to recurrence and also
clarified the resection-rates for those recurrences. On the result
of the present study, the organ where recurrence had occurred
most frequently and the resection-rate for the recurrences
differed according to time to recurrence after CHM resection.
Frequency of hepatic recurrence decreased rapidly after 2 years
of CHM resection; however, that of pulmonary recurrence
was not low even more than 2 years after CHM resection.
A periodical checkup by chest XP or chest CT adding to
abdominal examination is recommended for 5 years at least.

In conclusion, short time to recurrence after CHM
resection correlates with a poor prognosis. This result provides
grounds for proposal that an effective neoadjuvant chemother-
apy and a system using the clinicopathological factors and
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pharmacogenetics which identify best candidates for the
neoadjuvant chemotherapy are needed in order to reduce
early recurrence. Histological type of primary tumor might
be a strong predictor for early recurrence after CHM resection.
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Abstract

Aims: The efficacy of surgical resection for multiple colorectal hepatic metastases (MCHM) has been controversial. We examined the sur-
vival of patients who received surgery for MCHM and examined the factors associated with survival.

Methods: A retrospective analysis was performed of 50 consecutive patients who received hepatic resections for MCHM, defined as four or
more metastatic lesions of colorectal cancer.

Resulis: Overall survival after hepatic resection for MCHM was 48% at 3 years and 43% at 5 years (median survival, 22.3 months). Mul-
tivariate analyses revealed that a coefficient of variation (CV) in volume of hepatic metastases in each individual patient above 1.8
(P =0.01, HR = 4.08, 95% CI = 1.33~12.5) was the only poor prognostic factor after resection of MCHM.

Conclusions: A CV in volume of hepatic metastases in each individual patient above 1.8 predicts poor survival after hepatectomy of
MCHM. Thus, the CV in volume of hepatic metastases in each individual patient might be useful in planning the therapeutic strategy

for patients with MCHM.
© 2006 Elsevier Ltd. All rights reserved.
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Introduction

Hepatic resection is currently the only potentially cura-
tive treatment and the first-line therapy for colorectal he-
patic metastasis.'™> The efficacy of hepatic resection has
been reported for some cases of multiple colorectal hepatic
metastases (MCHM); Bolton et al. reported that the sur-
vival of patients who underwent resection of more than
four and/or bilobar hepatic metastases was equivalent to
that of patients who underwent resection of fewer than
four and unilobar hepatic metastases.® Nevertheless, he-
patic resection for MCHM has been controversial because
several reports demonstrated that having fewer lesions is
a favorable prognostic factor after hepatic resection of co-
lorectal hepatic metastases.”’ '

* Corresponding author. Tel.: +81 471 33 1111; fax: +81 471 31 4724.
E-mail address: shtakaha@east.nce.go.jp (S. Takahashi).

0748-7983/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi: 10.1016/j.6j50.2006.08.002

Therefore, this study was conducted to evaluate the effi-
cacy of resection for MCHM and elucidate any prognostic
factors that could identify the patients who would benefit
from surgical resection for MCHM. We focused on the his-
tology of the tumour, tumour volume ratio (tumour volume/
whole liver volume), and dispersion (coefficient of varia-
tion) of volume of hepatic metastases in each patient. We
defined MCHM as four or more metastatic lesions of colo-
rectal cancer of the liver, because four metastases corre-
sponds to the limit of surgical resectability most widely
used during the past decade.®!

Patients and methods
Definition of MCHM

MCHM was defined as four or more metastatic lesions
of colorectal cancer in the liver. Patients who showed any
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metastatic lesion outside the liver were excluded from the
MCHM group. The diagnosis of MCHM was confirmed
by diagnostic imaging before treatment.

Patient population

The records of 370 patients who had undergone he-
patic resection for colorectal hepatic metastasis at the
National Cancer Center Hospital East between September
1992 and August 2005 were examined retrospectively.
Fifty of these patients met the criteria for MCHM. The
patients consisted of 34 men and 16 women, ranging in
age from 44 to 85 years, with a mean age of 60 years.
Two of the patients had received oral wvracil/tegafur and
five had received 3-fluorouracil (5-FU)-leucovorin (LV)
as adjuvant chemotherapy after primary colorectal resec-
tion. Few use of adjuvant chemotherapy after primary co-
Jorectal resections in our series ascribed to the fact that
adjuvant chemotherapy has been rarely used after pri-
mary colorectal resections in our institution until 2002 al-
though all patients with stage III colorectal cancer has
received either 5-FU-LV or oral uracil/tegafur-LV since
2002.

The criteria for hepatectomy were as follows: metastatic
lesions were confined to the liver and all lesions could be
resected using oncologic principles (tumour-free margin
and no residual disease) while preserving liver function.
Basically, extended lobectomy plus partial resections was
considered as the upper limit of hepatectomy that could
be performed safely, and trisegmentectomy was applied
only when the volume of the residual liver was deemed
to be thoroughly abundant. Neither the number of meta-
static tumours nor tumour size alone excluded patients
from hepatectomy.

Irinotecan/5-FU/LV has been administered after hepatic
resection of colorectal metastasis since 2003 when patients
want to receive adjuvant chemotherapy; 9 patients in this
study received the adjuvant therapy.

Operative procedure

After laparotomy, a careful search was performed for lo-
cal recurrence, extrahepatic metastases, and peritoneal dis-
semination in the abdominal cavity. Any suspicious lesions
were examined by biopsy. If metastasis in the regional
lymph nodes (hepatoduodenal or peripancreatic lymph no-
des) was suspected by preoperative imaging diagnosis or
intraoperative findings, dissection of the regicnal lymph no-
des was performed. Intraoperative bimanual liver palpation
and ultrasonography were performed to confirm tumour lo-
cation and size of the lesions in all patients, and all of the
resections were ultrasound-guided procedures. Hepatic re-
section was performed with tumour-free resection margins
by the forceps fracture method under inflow occlusion
(Pringle’s maneuver). Blood loss and operative time were
recorded.

Clinical follow-up

After hepatic resection, patients were closely followed
up with diagnostic imaging {chest X-ray and abdominal
computed tomography (CT}] every 3 months, measurement
of serum carcincembryonic antigen (CEA) levels every
menth, and an annual colonoscopy to detect any tumour re-
currence. The median foliow-up duration of survivors was
27 months.

Measurement of tumour volume

Tumour volumes were obtained from helical CT scans
of the abdomen, which were performed in all patients be-
fore initial treatment using 5-mm collimation after admin-
istration of 120cc of non-ionic intravenous conirast
injected at Zcc per second with a 60-s delay. images
were reconstructed at 5-mm intervals using a standard
soft-tissue algorithm.

Metastatic lesions and the whole liver were outlined
manually on each axial slice using a computer mouse.
The volume of metastatic lesions and that of whole liver
were calculated automatically by multiplying the sum of
the areas from each slice by the reconstruction interval.
Then, twmour volume ratic was calculated {(volume of
tumour/volume of whole liver x 100%). All measurements
were made by one radiologist.

For statistical analysis of inter-tumour variability in vol-
ume, in other words, dissimilarity in volume of metastases
in each single patient, the coefficient of variation (CV; 5D
of the mean divided by the mean) was calculated for each
case.

Histological parameters

The resected colorectal specimens and hepatic speci-
mens were fixed in 10% phosphate-buffered formalin and
cut at intervals of 5 mm and 10 mm, respectively, and
then embedded in paraffin. Serial sections of 3-pm thick-
ness were stained with hematoxylin and eosin (H&E) for
morphological examination. Each case was histologically
classified according to the histological type, tumour size,
location, number of metastases, presence of serosal inva-
sion, nodal status, and margin status. Histological diagnosis
was performed according to the World Health Organization
intestinal tumour classification.'®

Statistical analysis

Analyses of survival were performed using the Kapla-
n—Meier method'® and differences between the curves
were tested using the log-rank test. The log rank test was
also used to examine the significance of associations be-
tween survival curves and the following: CEA cutoff values
10 ng/ml, 20 ng/ml, 30 ng/ml, 50 ng/ml, 70 ng/ml, 100 ng/
mi, and 200 ng/ml; tumour volume ratio cutoff values
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1%, 3%, 5%, 8%, 10%, and 20%; and CV in tumour vol-
ume cutoff values 1.2, 1.4, 1.6, 1.8, and 2.0. Factors related
to survival were analyzed with the Cox proportional haz-
ards regression model.!” A P value of less than 0.05 was
considered to denote significance.

Results
Clinicopathological features of patients with MCHM

Fifty patients underwent resection of MCHM at the
National Cancer Center Hospital East. Table 1 summarizes
the primary and metastatic tumour characteristics. Four
liver tumours were found in 20 patients, 5 tumours in 12,
6 tumours in 8, 7 and 8 tumours in 3 each, 9 tumours in
2, and 10 and 11 tumours in 1 each. Neither hepatoduode-
nal nor peripancreatic lymph node metastasis was found in
any patient.

Surgical resections

Multiple partial resections were performed on 24 pa-
tients, segmentectomy on 12, lobectomy on 10, extended lo-
bectomy on 2, and central bi-segmentectomy on 2 according

Table 1
Clinicopathological findings of 50 patients with multiple colorectal hepatic
metastases

No. of patients

Primary colorectal tumour
Stage (TNM classification)

I 2

1§ 8

i 14

v 26
Location

Rectum 19

Colon 31
Maximum size of tumour (mean %+ SD, ¢cm) 49119
Histological type of adenocarcinoma

Well or moderately differentiated 46

Poorly differentiated and others 4
Hepatic metastases
Maximum size of tumour {mean & SD, ¢m) 3723
Number of tumours (mean + SD) 54+ 1.8
Preoperative CEA level (mean £ SD, ng/ml) 6544 1422
Synchronous/Metachronous

Synchronous 24

Metachronous 26
Distribution of metastases

Unilobar 12

Bilobar 38
Sum of the tumour volume (mean % SD, cm®) 61.2 864
Tumour volume ratio* (mean £ SD, %) 48463
Coefficient of variation’ in tumour volume 1.2+ 06

(mean % SD)
Interval between resection of primary site and 7.9

resection of hepatic metastases (median, mo)

SD, standard deviation; CEA, carcinoembryonic antigen. *Sum of tumour
volume/whole liver volume x 100%. tStandard deviation of the mean
divided by the mean.

to Couinaud’s anatomical classification.'® Forty-two of the
50 patients underwent multi-site resections. Microscopi-
cally positive surgical margins were observed in 11
patients. There was no perioperative mortality. Eleven com-
plications were observed: five cases of biliary leak, two
cases of intra-abdominal abscess, two cases of anastomotic
leak in patients with synchronous metastases, one case of
postoperative bleeding, and one case of liver failure.

Recurrences after resection of MCHM

Among the 50 patients, 37 developed recurrences. Loca-
tions of recurrence were as follows: liver in 32 patients,
lung in 8§, lymph node in 4, local recurrence in 3, perito-
neum in 2, and bone and ovary in 1 each. Ten patients un-
derwent resection for hepatic recurrences, 2 underwent
resection for pulmonary recurrences, and one underwent re-
section for both hepatic and pulmonary recurrences. Of the
remaining 24 patients, 19 received systemic chemotherapy,
2 received hepatic arterial infusion, and 3 received optimal
supportive care.

Overall survival

Kaplan—Meier curve for overall survival after resection
of MCHM is shown in Fig. 1. Actuarial overall survival af-
ter resection of MCHM was 48% at 3 years and 43% at
5 years with a median survival of 22.3 months. Meanwhile,
overall survival of the entire cohort of 370 patients was
58% at 3 years and 46% at 5 years with a median survival
of 27.6 months.

Association between clinicopathological factors and
overall survival

To find prognostic factors for survival after resection of
MCHM, clinicopathological factors and overall survival

Cumulative Survival (%)

T T T T AR | T ¥ T T T T T T T T

0 )3 2 3 4 5 6 7 8 9
Time after surgery (years)

Figure 1. Cumulative survivak curve for 50 patients with resected MCHM.
The survival curve was generated by Kaplan—Meier analysis.
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were analyzed in the 50 patients with MCHM (Table 2).
Maximum tumour size above 5 cm (P = 0.02), CEA level
before hepatectomy above 20 ng/ml (P = 0.01), tumour
volume ratio above 8% (P = 0.04), and CV in tumour vol-
ume above 1.8 (P < 0.01) were significantly associated
with poor overall survival.

We examined the independent predictive value of the
aforementioned factors in overall survival. The data were
analyzed using a Cox regression model (Table 3). Maximum
size of the tumour was excluded from the analysis because it

Table 2
Correlation between clinicopathological factors and overall survival after
hepatectomy for multiple colorectal hepatic metastases

No. of Median P

patients survival
(mo)

Primary colorectal lesion

Location
Colon 31 234 0.63
Rectum 19 18.5

Stage (TNM classification)
Lo 10 20.4 0.44
I, v 40 22.7

Lymph node metastasis
Absent 18 23.4 0.82
Present 32 19.7

Histological type of adenocarcinoma
Well or moderately differentiated 46 23.5 0.08
Poorly differentiated and others 4 12.5

Hepatic metastases

Number of tumours
<5 20 21.1 0.61
>5 30 23.4

Maximum size of the tumour (cm)
<5 40 23.5 0.02
>5 10 15.9

Distribution of metastases
Unilobar 12 21.1 0.60
Bilobar 38 234

Microscopic surgical margin
Negative 39 234 0.95
Positive 11 213

CEA level before treatment (ng/ml)
<20 27 24.6 0.01
>20 23 17.5

Tumour volume ratio* (%)
<8 41 234 0.04
>8 9 17.5

Coefficient of variation' in tumour volume
<1.8 42 25.0 <0.01
>1.8 8 16.1

Synchronous/Metachronous
Synchroncus 24 244 0.80
Metachronous 26 18.0

Interval between colorectal resection and hepatectomy
<1 year 39 24.6 0.91
>1 year 11 12.1

Adjuvant chemotherapy after hepatectomy
Absent 41 23.5 0.61
Present 9 16.4-

CEA, carcinoembryonic antigen. *Sum of tumour volume/whole: liﬁes vol-
ume x [00%. {Standard deviation of the mean divided by the mean.

Table 3
Multivariate analyses of factors affecting overall survival after hepatec-
tomy for multiple colorectal hepatic metastases

Hazard Ratio (95% C.1.) P

Hepatic metastases
CEA level before treatment (ng/ml)

<20 reference 0.07
>20 2.39 (0.93—6.16)

Tumour volume ratio* (%)
<8 reference 0.87
>8 1.10 (0.36—3.39)

Coefficient of variation' in tumour volume
<1.8 reference 0.01
>1.8 4.08 (1.33—12.5)

C.L, confidence interval; CEA, carcinolembryonic antigen. *Sum of tumour
volume/whole liver volume x 100%. 'Standard deviation of the mean di-
vided by the mean.

was strongly correlated with tumour volume. Then, only CV
in tumour volume above 1.8 (P = 0.01; HR = 4.08;95% (I,
1.33 to 12.5) had predictive value for decreased overall sur-
vival after resection of MCHM. Fig. 2 shows a case of
MCHM with low CV (a) and another one with high CV
(b) in tumour volume. The median survival of patients
with CV in tumour volume below 1.8 was 25.0 months
and that above 1.8 was 16.1 months (Fig. 3).

Discussion

Several reports have described the efficacy of resection
for MCHM. Bolton et al. analyzed clinical outcomes of
165 patients who underwent hepatic resection for colorectal
metastases, and evaluated its efficacy and safety for patients
with more than four and/or bilobar hepatic metastases.® The
prognosis for such patients was almost equal to that of pa-
tients with fewer than four and unilobar hepatic metastases.
Weber et al. reported that the S-year survival rate after he-
patic resection for 155 patients with four or more metasta-
ses was 23%, and twelve S-year survivors were observed.'
Minagawa et al. similarly reported a 32% 5-year survival of
patients with four or more tumours.'® In the present study,
overall survival after hepatic resection for MCHM was 48%
at 3 years and 43% at 5 years. Our results reconfirm that he-
patic resection is beneficial for some patients with MCHM
of colorectal cancer.

We found that a CV in tumour volume of above 1.8 was
the only independent poor prognostic factor after resection
of MCHM. Dispersion of tumour volume for each tumour
is variable among patients. However, no previous study
has attempted to quantify the dispersion of tumour volume
or to evaluate its prognostic significance in colorectal he-
patic metastases, and then we studied the association be-
tween the dispersion of tumour volume, quantified by CV,
and survival after hepatectomy. Coefficient of variation is
a statistical measure of the dispersion of data. It represents
the ratio of the standard deviation to the mean, and is a use-
ful statistic for comparing the degree of deviation from one
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(0)

Figure 2. (a) A case of MCHM with low CV (=0.41) in tumour volume.
(b} A case of MCHM with high CV (=3.20) in tumour volume.

data series to another, even if the means are drastically dif-
ferent from each other.’>?' The mean tumour size varied
widely among patients and CV was more useful than stan-
dard deviation in the present analyses.

The reason why high CV in tumour volume is strongly
associated with independent poor prognosis after hepatic
resection is obscure. However, a high CV may denote the
coexistence of huge and tiny tumours. We propose two hy-
potheses to explain the association between high CV and
poor prognosis. The first is that a high CV means the exis-
tence of a rapidly growing tumour; the high CV may resuit
from the coexistence of tiny tumours growing at an ordi-
nary rate and a huge tumour with an extremely aggressive
nature and rapid growth. Another hypothesis is that high
CV means a huge tumour with many intrahepatic metasta-
ses. Tiny tumours might have metastasized, not from the
primary colorectal tumour, but from this huge hepatic tu-
mour. Accordingly, a high CV might reflect progressive
characteristics of MCHM.
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Figure 3. Cumulative survival curves after hepatic resection of MCHM ac-
cording to CV in tumour volume. The median survival of patients with CV
in tmour volume below 1.8 was 25.0 months and that above 1.8 was
16.1 months. Survival of patients with CV in tumour volume above 1.8
was poorer than that of patients with CV in tumour volume below 1.8
(P <0.0n.

in 8 patients with CV > 1.8, 6 suffered from severe he-
patic recurrence after hepatic resection. In the remaining 2
patients, although lymph node recurrence was initially ob-
served, hepatic recurrence with much tumour burden was
recognized in the next few months. Then, severe hepatic re-
currence could be a characteristic pattern of recurrence in
patients with CV > 1.8, High CV might suggest extensive
micro-metastases in the remnant liver.

Node-positive primary tumour,**>%> serosal involvement
of primary tumour, > stage of the primary tumour,®!?
histological differentiation of primary tumour®?, a short dis-
ease-free interval from the primary tumour to metastasis,>!!
extrahepatic disease at hepatectomy,®*!!?223 high CEA
levels before hepatectomy,*> %1022 large size of hepatic
tumour,*®% the number of hepatic tumours, +>-8713:22.23 1
lobar distribution of hepatic tumour,’ lymph node meta-
stasis during hepatectomy,>!!® an advanced age at
hepatectomy,® and a positive margin of hepatecto-
my*>#71122 have been reported as poor prognostic factors
after resection of MCHM. However, the factors mentioned
above were not found to be prognostic factors in this study.
The difference between our results and those of other studies
was partly due to difference of population. Patients of the
present study consisted of only those with four or more met-
astatic lesions of colorectal cancer in the liver. Moreover, the
difference might have resulted from the fact that CV in
tumour volume, which had not been evaluated as a prognostic
factor in other studies, affected patients’ survival much more
strongly than the aforementioned factors did in the present
study.

In our study, the median survival of patients with CV
in tumour volume above 1.8 was only 16 months and no
2-year survivors were found. Results of the present study
lead us to conclude that hepatic resection is not
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